Let G = (V (G), E(G)) be a connected graph. A subset S of V (G) is a total dominating set of G if every vertex of G is adjacent to some vertex in S. The set N G [v] is the set of all vertices of
Introduction
Let G = (V (G), E(G)) be a simple connected graph. The neighborhood of v ∈ V (G) is the set N G (v) = { x ∈ V (G) : xv ∈ E(G)}. The set N G [u] = N G (u)∪ {u}. The degree of v ∈ V (G), denoted by deg G (v) , is equal to the cardinality of N G (v) and the maximum degree of G is Δ(G)= max {deg(x):x ∈ V (G)}. A connected graph G of order n ≥ 3 is point distinguishing if for any two distinct vertices u and v of G, N G [u] = N G [v] . It is totally point determining if for any two distinct vertices u and v of G, N G (u) = N G (v) and N G [u] = N G [v] . These concepts are studied in [3, 7] .
A subset S of V (G) is a total dominating set in G if for every v ∈ V (G), there exists x ∈ S such that xv ∈ E(G). It is a differentiating set in
∩ S for every two distinct vertices u and v of G. Set S is said to be strictly differentiating set if it is a differentiating set and N G [u] ∩ S = S for all u ∈ V (G). A differentiating (resp. strictly differentiating) subset S of V (G) which is also a total dominating set is called a differentiating total dominating (resp. strictly differentiating total dominating) set in a connected graph G. The minimum cardinality of a differentiating ( resp. strictly differentiating) set in G, denoted by dn(G) (resp. sdn(G)), is called the differentiating ( resp. strictly differentiating) number of G. The minimum cardinality of a differentiating total dominating (resp. strictly differentiating total dominating) set in G, denoted by γ DT (G) (resp. γ SDT (G)) is called the differentiating total domination (resp. strictly differentiating total domination) number of G.
Let G be a connected graph and suppose that there exist (distinct) adjacent vertices u and v such that
. This implies that G cannot have a differentiating set. Thus, unless otherwise stated, throughout this paper any graph considered is a point distinguishing graph.
The concepts of differentiating set, strictly differentiating set, differentiating total dominating set and the associated parameters are studied in [1, 2, 4, 5, 6] Remark 1.1 Let G be a connected graph of order n ≥ 3. 
Theorem 2.1 Let G and H be point distinguishing graphs of orders m ≥ 3 and n ≥ 3, respectively, with 
∩S. This, again, contradicts our assumption of S. Therefore, S 1 and S 2 are differentiating sets in G and H, respectively.
Next, suppose that both S 1 and S 2 are not strictly differentiating sets in G and H, respectively. Then there exist z ∈ V (G) and
∩S, contrary to the fact that S is a differentiating set in G + H. Thus, S 1 is a strictly differentiating set in G or S 2 is a strictly differentiating set in H.
For the converse, suppose S 1 = V (G) ∩ S and S 2 = V (H) ∩ S are differentiating sets in G and H, respectively, where S 1 or S 2 is a strictly differentiating set. Let x and y be distinct vertices in
Assume, without loss of generality, that S 1 is a strictly differentiating set in
for all a ∈ S ∩ V (G). Hence, S is a total dominating set in G+H. Therefore, S is a differentiating total dominating set in G + H.
Corollary 2.2 Let G and H be point distinguishing graphs of orders m ≥ 3
and n ≥ 3, respectively, with
Proof : Let S be a minimum differentiating total dominating set in G + H.
By Theorem 2.1, S 1 and S 2 are differentiating sets in G and H, respectively, and S 1 or S 2 is a strictly differentiating set. Assume first that S 1 is a strictly differentiating set in G.
. This proves the desired equality.
Theorem 2.3 Let G be a point distinguishing graph of order n ≥ 3 and such that
∈ S and S is a strictly differentiating total dominating set in G.
Proof : Suppose S is a differentiating total dominating set in G + K 1 and
Thus, S is a strictly differentiating set in H. Hence, S is a strictly differentiating total dominating set in G.
For the converse, assume first that S = S 1 ∪ {v}, where S 1 is a strictly differentiating set in G. Clearly, S is a total dominating set in
Finally, suppose v / ∈ S and S is a strictly differentiating total dominating set in G. Then S is a total dominating set in
This shows that S is a differentiating total dominating set in G + H.
Corollary 2.4 Let G be a connected non-trivial graph with
Δ(G) ≤ |V (G)| − 2. Then γ DT (G + K 1 ) = min {γ SDT (G), sdn(G) + 1}.
Corollary 2.5 Let G be a connected non-trivial graph with
Δ(G) ≤ |V (G)| − 2. If every strictly differentiating set in G is total dom- inating, then γ DT (G + K 1 ) = sdn(G) + 1
Differentiating Total Domination in the Corona of Graphs
Let G and H be graphs of orders m and n, respectively. 
Proof : Let S be a differentiating total dominating set in
and
For the converse, suppose that S satisfies either (i),(ii),(iii) or (iv) for
. Consider the following cases:
, and (iv). Therefore,
Case 2: Suppose that u = v. Since V (H u ) ∩ S and V (H v ) ∩ S are non-empty disjoint sets, and
Accordingly, S is a differentiating total dominating set in G • H.
Theorem 3.2 Let G be a non-trivial connected graph, and H a point distinguishing graph of order
Proof : Let S be a minimum differentiating total dominating set in G•H. Then
From Theorem 3.1 (i) and (ii) and Lemma 1.3,
for every v ∈ V (G) ∩ S. From Theorem 3.1 (iii) and (iv) and Remark 1.2
Differentiating Total Domination in the Composition of Graphs
The composition of two graphs G and H is the graph
and edge-set E(G[H]) satisfying the following conditions: (x, u)(y, v) ∈ E(G[H]) if and only if either xy ∈ E(G) or x = y and uv ∈ E(H). Observe that a non-empty subset
Theorem 4.1 Let G and H be point distinguishing graph of order n ≥ 3 with Proof : Suppose C is a differentiating total dominating set in
where S ⊆ V (G) and T x ⊆ V (H) for each x ∈ S is a differentiating total dominating set in G[H] if and only if
This means that C is not a differentiating set in G [H], a contradiction to the assumption. Thus, S = V (G). Now, let x ∈ V (G) and suppose that T x is not a differentiating set in H. Then there exist distinct vertices p and q in V (H) such that
it follows that C is not a differentiating set in G [H] . Thus, this gives a contradiction to the assumption. Hence, T x is a differentiating set in H. Let x and y be adjacent vertices in G with
. Suppose that T x and T y are not strictly differentiating in H. Then there exist c ∈ V (H) and
. This contradicts our assumption. Therefore T x or T y is a strictly differentiating set in H.
Let x and y be distinct non-adjacent vertices of G with that (y, d)(y, c) ∈ E(G[H] ). This means that d ∈ T y and cd ∈ E(H). Thus, T y is a dominating set in H.
For the converse, suppose that the conditions (i),(ii),(iii) and (iv) hold. Let (x, a) ∈ V (G[H] ). Since G is non-trivial and connected, there exists y ∈ V (G) such that xy ∈ E(G). a) = (y, b) . We consider the following cases. Case 1:
Case 2: Suppose x = y. Consider the following subclaims.
Assume without loss of generality that T x is a dominatng set in H. Then for every a ∈ V (H) \ T x there exists c ∈ T x such that ac ∈ E(H). It follows that (x, c) ∈ C and (x, a)( 
x, c) ∈ E(G[H]). Since xy / ∈ E(G), (x, c)(y, b) / ∈ E(G[H]). It follows that

(G[H]). Since xy ∈ E(G), (x, d)(y, b) ∈ E(G[H]). It follows that
N G[H] ((x, a)) ∩ C = N G[H] ((y, b)) ∩ C.
Accordingly, C is a differentiating total dominating set in G[H].
The following is a direct consequence of Theorem 4.1. 
